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Abstract

Introduced species were inventoried and the effect on community biological diversity was examined in selected forested
sites at Royal Roads University. The sites occur within the endangered Coastal Douglas fir biogeoclimatic zone on
southern Vancouver Island. Two long-term 1-ha study plots were established along the forest periphery, in areas of human
activity. Four modified 20m? plots were also established in the relatively undisturbed interior forest for comparison

and a 1-ha plot at Rocky Point was used as a control site. Percent cover of ground vegetation species was determined
within 128 randomly placed 1m? permanent vegetation plots nested within the study sites. No significant correlation was
found between biological diversity (Shannon index) and percent introduced species. The presence of introduced species,
however, was significantly greater within the periphery plots with the greatest presence found along the disturbed edges,
up to 85% cover on average. Dominant introduced species included Daphne laureola, Agrostis capillaries, and Holcus
lanatus. Introduced species were also detected in the interior forest sites (average 3.4% cover), which suggest the need
for a more effective invasive species management plan. The broader implications of introduced species invasion with
respect to ecosystem management issues and restoration initiatives are discussed.

Limitations

e The vegetation inventory was conducted during July and August 2002; therefore, species that occur outside of this
growing window were not accounted for.

e  Vegetation inventory is only of the 1m? vegetation plots in selected quadrats; therefore, the inventory is not an
inclusive species list for the entire study site.

e  QGrass identification was mostly done in sifu with reference to two guidebooks followed by herbarium verification of
collected samples.

Introduction

Long-term monitoring is necessary to document ecological change and response, as it is a continual process perpetuated
by changing environmental conditions, from both natural- and anthropogenic-induced causes on local and global scales.
In light of this understanding, the purpose of the study is to monitor the extent of introduced plant species invasion at
Royal Roads University with respect to a reference site, and to begin a preliminary analysis of abiotic interactions on the
spatial and temporal distribution of these species. This is first phase of a long-term invasive species monitoring study that
will enable documentation of environmental change and allow for adaptive ecosystem management.

The Royal Roads University (RRU) property is situated within the endangered Coastal Douglas fir (CDF) biogeoclimatic
zone of southeastern Vancouver Island, an area bounded by the Georgia Basin. The CDF zone is a distinct forest type that
only occurs within a small area of British Columbia, limited to a strip of southeastern Vancouver Island, a few islands in
the Gulf of Georgia and a small, narrow area of the mainland. These areas represent a unique suite of British Columbia’s
biodiversity in which about 50 plant species are exclusive to this zone (Nuszdorfer ef al. 1991). Garry oak ecosystem is
just one of the unique and diverse associated ecosystems within this zone that posses a significant number of habitat and
species at risk (GOERT 2002). In fact, little of the CDF forests still exist in an unmodified form, and the sustainability
of the zone is under continual stress from urban/rural development, introduced species invasion and climate change
(GOERT 2002; McPhee et al. 2000; Haber 1996; Vitousek, ef al. 1996). At present, introduced grasses and shrubs such
as Scotch broom dominate most of the open woodland sites and provide little opportunity for native species to prosper or
even exist (Haber 1996).

The RRU property covers a total of 229 hectares of which 180 hectares is forested land that comprises a unique
collection of ecotypes, including veteran growth, mixed forest and wetlands. Since the early 1900s, the RRU property
has undergone much land alteration and has had an assortment of non-native plant species introduced to the area. Some
of these introduced species have become well established in modified areas of the campus core, and in some places these
species have become invasive to the native plant community (Ryan et al. 1995).
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Presently, the RRU property contains many introduced grass and shrub species that have invasive potential and are listed
as posing the highest threat to the CDF zone (Ryan et a/.1995; GOERT 2002). The introduced species are primarily of
Europe or Asia origins that have been brought over by people for combination of aesthetic reasons, utilitarian use, or by
accident. Although humans are the initial vectors of introduction, the subsequent local spread of successful introduced
species is also facilitated by wildlife, wind and water (Mack et al. 2001). Introduced species are considered invasive if
they are able to spread rapidly and aggressively compete with and displace native species to form dense populations.
These invasions interfere with the natural structure and function of the native community (Haber 1996). Typically,
invasive species are generalists that can thrive in a range of environmental conditions and some are well adapted to
disturbed sites. They are able to facilitate ecosystem change by displacing native species and out-competing other
organisms for light, space, and water. This can occur through habitat alteration, such as shifting soil nutrient levels
(Prasad & Kushwaha 2001; Schmitz & Simberloff 1997).

Study Objectives and Approach

1. To continue long-term study of the three existing SI/MAB 1-hectare biodiversity plots established at RRU in 1999
(2 plots) and 1 plot established at Rocky Point in 1994.

2. To establish and monitor four 20m? plots according to SI/MAB protocols in the interior forest of RRU.

3. To inventory the vascular groundcover species and quantify the relative abundance of introduced plant species to
determine the extent of introduced species in selected areas of RRU.

4. To investigate the potential effects of introduced species on the abundance and species diversity of native species.

Location and Description of the Plots

The study was conducted within the two 1-hectare SI/MAB plots located in periphery of RRU campus, and within four
newly established 20 m? quadrats located in the interior forest of the campus. The two 1-hectare periphery sites each
span across three distinct ecotones. The Old Field plot spans across an old up-land field to a mature Douglas fir forest.

A gravel road bisects the plot and was treated as an ecotone on to its self. The Salt Marsh plot spans across a salt marsh
area, to a shrubby transition area, and a mature Douglas fir forest. The Rocky Point 1-hectare SI/MAB plot, located west
of Victoria in the Municipality of Metchosin, was used as an off-site reference.

The RRU plots were established in different areas of the campus to capture the diversity of ecosystem structures and
land-use influences. The periphery plots are situated in disturbed areas of the campus that are fragmented by natural
(tidal activity) and human disturbance (trails and gravel road). In comparison, the interior plots are situated in a relatively
homogenous stand that is buffered from human use areas and forest edge effects

Both RRU and Rocky Point are located within the Coastal Douglas fir moist maritime sub-zone. In general, Douglas fir
is the dominant tree with western red cedar and grand fir also present. salal and Oregon-grape are common shrub layer
species with bracken fern, trailing blackberry, snowberry and bearded fescue in the herb layer (Nuzdorfer ez al. 1991).

Methods

Vegetation Inventory Protocol

The 1-ha periphery plots were divided into their distinct ecotones for a finer vegetation characterization and analysis

of the plots. Vegetation plots of 1m? were randomly established within the four forest interior quadrats and within the
delineated transition zones of plots 1 and 2. Four permanent 1m? vegetation were established per randomly selected
quadrat of the delineated areas. A random number generator also provided the coordinates for the distance from the mid-
line of the quadrat and the distance to alternating sides. A fixed 1m? square made from PCV pipe was used to define the
vegetation plot area and aluminum stakes were erected in each corner to mark its permanent location.

Analytical Methods

The assessment of species composition and groundcover biological diversity among the vegetation plots was
accomplished using measurements of species abundance, species frequency and the Shannon index for species diversity.
The species abundance was calculated by summing the relative percent cover of each species by study sites, and the
species frequency was calculated by a presence/absence count per vegetation plot of the study sites. The Shannon
diversity index was used to assess the species diversity because it includes both a species count and evenness, which is
considered useful for describing ecological trends (Lewis et al. 1988; Stiling 1999; Magurran 1988). The Shannon index
was calculated for each study site to compare the diversity among the different ecological areas. The Shannon index
was also calculated per vegetation plot of the study sites to assess the correlation between diversity and percent cover of
introduced species.
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A variety of statistical tests were applied to look for patterns between the species composition and species diversity.
These tests included one-way ANOVAs and Pearson correlations.

Results

Extent of Introduced Species

In general, the grassy area of the Old Field site (zone 1) contained the highest average percent cover of introduced
species overall (85%). The transition area of the Salt Marsh (zone 2) had the next highest presence of introduced species
(31% on average) and the Interior Forest exhibited a small but detectable presence of invasive species (3.4% on average).
Invasive species were absent in the Rocky Point reference plot (Table 1).

Table 1: Introduced plant species percent cover statistical summary among study sites.

Royal Roads Campus

0ld Field Salt Marsh Interior | Rocky
Forest | Point
Zone 1 Zone 2 Zone 3 Zone 1 Zone 2 Zone 3
Introduced species 16 18 8 6.0 7.0 2.0 2.0 0
richness
/Average cover 84.7% 46% 11% 22% 30.5% 26% 3.4% 0
Median cover 92% 50.5% 65% 10% 23% 16% 10% 0
Range 54 - 100% 3 -80% 0-34% 0 -64% 0 - 100% 0-93% |[0-23% 0
Std. Dev 13.7 24.5 10.9 24.8 29.0 271 5.9 0

A one-way ANOVA of the study sites revealed a significant difference among the mean percent cover of introduced
species in the study sites (p=0.0001). The 95% confidence intervals used in multiple comparison tests indicated the
percent cover of introduced species was significantly different among the Old Field zones (p=0.05). On average, zone
1 of the Old Field had 46% more introduced species than zone 2 of the Old Field. There was no significant difference
among the Salt Marsh zones in terms of the percent cover of introduced species; however, the Salt Marsh zones have
significantly more introduced species than the Interior Forest and significantly less than zones 1 and 2 of the Old Field
(Figure 1).

For the RRU forested sites (zones 3 of the Old Field and Salt Marsh, and the Interior Forest), there was a significant
difference among the mean percent cover of introduced species in the sites (p>0.05). Salt Marsh zone 3 is most different
from the Interior Forest at 87% more introduced species on average (Figure 1).

The boxes indicate the 75" and 25" percentile. The whiskers are the 90" and 10™ percentiles and the line within the box
indicates the median. Asterisks indicate outliers. Sites followed by the same letter are not significantly different from
each other (p > 0.05).

Old Field Introduced Species

The Old Field, zone 1 was dominated by four introduced grasses dominating the vegetation cover: Velvet grass (Holcus
lanatus), 21% abundance; Colonial Bentgrass (4grostis capillaries), 20% abundance; Kentucky Bluegrass (Poa
pratensis), 15% abundance and Quackgrass (Agropyron repens), 11% abundance (Figure 2). [Note: Abundance was
calculated by summing the relative percent cover by species per study site.]

The dominant introduced species within the Old Field zone 2 (transition zone) were Quackgrass at 11% abundance, and
Velvet grass at 10% abundance. Orchard Grass (Dactylis glomerata) occurred exclusively in this zone at 8% abundance
and a frequency of 9 of 16 vegetation plots.

Zone 3 (forested area) had the lowest percent cover of introduced species (11%) of the Old Field sites; 3 of 16 vegetation

plots did not have any introduced species. The dominant introduced species of this zone were Wall Lettuce (Lactuca
muralis) at 3% abundance and Daphne (Daphne laureola) at 1% abundance.
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Average percent cover of introduced species among forested sites
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Figure 1: Average percent cover of introduced species among forested sites.
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Figure 2: Top Ten introduced species by abundance in the Old Field zones.
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Top nine introduced species by abundance in the Salt Marsh

Zones

18%

16% 1— ||

14%+— ||

12%t+——

10%+—

8%

6%

Abundance (%)

ElZone 1

AZone 2

OZone 3

D e b it S |

Quackgrass |
Creeping Bentgrass ===
Scotch Broom
Laurel-leaved daphne
English Ivy

Kentucky Bluegrass |f

Figure 3: Top nine introduced species by abundance in the Salt Marsh zones.
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The dominant introduced species found in the Salt Marsh zone 1 were Creeping Bentgrass (4Agrostis stolonifera), with an

abundance of 16%, and Quackgrass with an abundance of 5% (Figure 3)

Zone 2, the transition area between the marsh and the forest, had the highest occurrence of introduced species with an
introduced species richness of 7 and 31% average percent cover of introduced species. Creeping Bentgrass and Daphne
accounted for majority of the introduced species in this zone (abundance of 15 % and 11%, respectively).

Zone 3 (forested area) had the lowest introduced species richness of the zones with 2 species, Daphne and English Ivy.
These species, however, occurred in enough abundance and frequency to account for an overall average percent cover of

26%.

Interior Forest Introduced Species

No introduced species were found in 8 of the 16 of the Interior Forest site vegetation plots. Of the plots with introduced
species, Wall Lettuce was dominant at 2.5% abundance, and English Holly was the co-dominant at 1.1% abundance.
Daphne was also observed in the forest, however, no stems occurred within the vegetation plots and therefore they were

not included in the inventory.

Species Diversity Comparison Among Study Sites

In general, the Old Field offers the highest species diversity of the study sites. Specifically, Old Field zone 2 (transition
area) has the highest diversity, evenness and species richness among the study sites. This may be attributed to wide

variety of micro-habitats offered here including light intensity and soil disturbance.
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The Salt Marsh ranks second in species diversity among the study sites. Within the Salt Marsh, zones 1 and 2 had the
highest species diversity (2.27 and 2.17, respectively) and evenness (0.71 and 0.69, respectively). In contrast, zone 3, the
forested area, offered the lowest species richness (15 species)

Of the forested sites, zone 3 of the Old Field had the highest species richness (29 species) and species diversity (1.57).
Rocky Point had the highest evenness (0.51). However, it has the lowest groundcover species richness at only 5 species.
In contrast, the Forest Interior had the lowest evenness (0.36) and a low diversity (0.98).

Table 2: Groundcover species diversity comparison among study sites.

Species Richness Shannon index Evenness  Total vascular

Study site Zone (S) (H') (E) species
Old Field 1 27 2.22 0.67

2 34 2.76 0.78

3 29 1.57 0.47 65
Salt Marsh 1 24 2.27 0.71

2 22 2.17 0.69

3 15 1.29 0.48 45
Interior Forest | n/a 15 0.98 0.36 15
Rocky Point n/a 5 0.82 0.51 5

The species diversity of the respective study sites was highly influenced by the presence of introduced species in the
inventory. The species diversity of all groundcover species as compared to species diversity of only native species is
shown below, with the percent difference between all species diversity and native species diversity indicated (Figure 4).

The bar chart indicates the relative proportion of introduced species and native species influencing species diversity. The
blue bar represents all species and the red bar represents native species; the difference between the two bars suggests the
influence of introduced species on species diversity.

The proportion of introduced species demonstrated the large variety of introduced species found in widespread
distribution within each of the sites. The species diversity of the Old Field zones 1 and 2 were most influenced by the
presence of introduced species. This influence was less pronounced in the Salt Marsh, and was minimal in the relatively
undisturbed Interior Forest.

Discussion

Introduced plant species are found in varying abundance and frequency in each of the RRU study sites, whereas no
introduced species are found in the Rocky Point reference site. The species composition and percent cover of introduced
species varies considerably among study sites, which demonstrates the complex range of environmental factors and limits
of tolerance contributing to the structure and function of each of the different ecosystems.

The extent of introduced species at Royal Roads University is greatest within the periphery study sites (Old Field and
Salt Marsh), which are areas with anthropogenic disturbance and limited forest buffer. The Old Field displays the highest
percent cover of introduced species within its grassy area (zone 1), which was once tilled and used for animal grazing.
The introduced grass species that dominate this area (velvet grass, colonial bentgrass and Kentucky bluegrass) were
likely introduced to the area through animal feed and have since successfully reproduced and distributed throughout

the open area. Since this time, the dense cover of grass species and disturbed soil has likely become a positive feedback
situation of impeded shrub and tree succession and increased vulnerability to grass invasion by the lack of forest cover.
Previous studies have indicated that forest cover may be necessary to generate the patchy, competitive environment to
foster native species diversity at the expense of introduced species (Carey et al. 1999; Tysell & Carey 2000).

The great varieties of introduced species (16 species) that currently occupy the Old Field have overwhelmed the native
species diversity. A gradient of decreased introduced species percent cover is evident from the grassy area to the forested
area (zone 3), which suggests the forest is providing a buffering effect against species invasion. Light availability is also
a likely contributor to this buffer.
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Figure 4. Species diversity of all groundcover species compared to native species among study sites.

The Salt Marsh also exhibits a substantial percent cover of introduced species, however, unlike the Old Field, a gradient
of introduced species does not appear across the Salt Marsh zones. In this site, the percent cover of introduced species
is relatively similar across the zones (22%-32%), however; the species assemblages are drastically different. The
distributions of species within this study area are probably highly limited by the salinity gradient and fluctuating water
inundation characteristic of this ecosystem. The Salt Marsh forested area (zone 3) does not appear to buffer species
invasion as successfully as the Old Field, and the monotypic tracks of Daphne found within this area may be attributed
to the proximity of an ornamental garden in which Daphne was purposely planted. Likely vectors for its distribution are
birds eating its berries.

The Salt Marsh species diversity is most greatly influenced by introduced species in zones 2 and 3 (transition and
forested area). The large presence of Daphne in these areas has likely biased the overall diversity by inflating the species
richness and percent groundcover in an otherwise sparsely vegetated understory.

Of the RRU study sites, the Interior Forest site appears to be most resistant to the establishment of introduced species.
The relatively undisturbed forest appears to have provided a moderate buffer against introduced species invasion;
however, the sporadic occurrence of Wall Lettuce (2.5% abundance) and English Holly (1.1% abundance) may indicate
a pervasive problem. Considering the invasive potential of English Holly (McPhee et al. 2000; Haber 1996), its small
but detectable presence within the Interior Forest will likely increase unless actively managed. The low species diversity
of the Interior Forest as compared to the RRU periphery sites indicates the limited immigration of species from adjacent
ecotones.

The Rocky Point reference site has no introduced species and relatively low species diversity. This apparent resistance

to introduced species may be attributed to a saturated niche by the dense salal cover. The dominance of salal may be
successfully subverting the establishment of other native and introduced species, including English Ivy and Daphne that
were found in all of the forested sites at RRU. Alternately, it is possible that these species have not been introduced to the
area yet.

The overwhelming dominance of salal at Rocky Point resulted in low species diversity for groundcover species; however,

the inclusion of mosses, lichens and fungi would likely produce a higher result. This virtual desert for species diversity is
an area for future study.
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Conclusion

Introduced species are present at varying abundance and frequency in all the SI/MAB research plots at Royal Roads
University, which suggests the need for the implementation of an invasive species management program. Areas of
particular concern are zone 1 of the Old Field, which is invaded by introduced grasses, and zones 2 and 3 of the Salt
Marsh, in which Daphne is the dominant groundcover species, particularly around the perimeter of the forested area.
Introduced species are also present, although with much less abundance, in the relatively undisturbed Interior Forest. This
small but notable presence of introduced species in the Interior Forest suggests the forest buffer provides some resistance
to invasive species, however, it also indicates a pervasive problem with certain introduced species. An invasive species
management plan should be implemented to eradicate these introduced species and to prevent further migration of these
species into the surrounding area, as a means to maintain the native vegetation of the endangered Coastal Douglas fir
biogeoclimatic zone.

This study also suggests that species diversity, as an indicator of introduced species invasion, may be more useful when
viewed over time. Species diversity can be biased or skewed by introduced species richness and vegetation density of the
study sites. Further monitoring of introduced species cover and species diversity may also reveal species competition,
and species evenness and native species diversity shifts. The rate of environmental change may also prove to be a robust
and broadly applicable indicator of a site’s resistance or susceptibility to introduced plant species invasion.
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